-INTRODUCTION
Stability of the frequency of synthetic quartz resonators is mainly based on the crystalline quality of quartz. This quality is obviously limited by the intrinsic structural defects and associated impurities introduced during the hydrothermal growth process. Alpha-quartz is a piezoelectric crystal which belongs to the rhombohedral crystallographic system ; it is stable up to 846 K. The unit cell of quartz consists of three silicon ions and six oxygen ions. Quartz is a highly covalently bonded structure possessing large channels approximately 10 nm in diameter parallel to the Z axis (one per unit cell) and slightly smaller channels parallel to the X axes (three per unit cell). Such large channels are characteristic of glass-forming crystals and allow the incorporation of interstitial ions which are very often alkali ions (Na + , Li + , K + ) because the hydrothermal process uses an alkaline solution. Generally these monovalent cations are associated with Al3+ ions which are found in all synthetic quartz grown using natural quartz as nutrient. The Al3+ ions easily substitute for Si 1 ** and thus, require charge compensation which gives rise to Al-Na + , Al-Li + centers.
The presence of hydrogen leads to the A1-0H" center. From ionic size considerations one would expect the mobility of interstitial impurities along the Z-channels using an electric field and thermal activation. Such electrodiffusion in air allows to sweep the compensating alkaline impurities which are replaced by H + ions. The same mechanism is used in order to dope a given crystal with a specific alkaline ion.
These point defects have been studied for over twenty five years by numerous workers using various techniques. A number of reviews have summarized much of this work £l-4] . About Q _1 , most of the results are obtained at 5 MHz. Concerning extended defects like dislocations there are a few papers f5-6J probably because the fabrication of resonators needs a very low intrinsic dislocation density (10 2 cm -2 ). However extrinsic dislocations can be introduced as surface defects during the fabrication process.
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The p r e s e n t paper d e a l s with t h e a n e l a s t i c behaviour of h i g h q u a l i t y s y n t h e t i c quartz ( l a b e l l e d a s H.Q. 262) s p e c i a l l y elaborated by SICNO. Q-I has been measured as a function of temperature T from 77 K up t o 700 K. The influence on t h e (Q-l -T) curves has been studied according to t h e following parameters : -s u r f a c e s t a t e of samples : as-sawed (A-S) o r mechanically polished (M-P).
-annealing e f f e c t due t o successive temperature r i s e s .
-c r y s t a l l o g r a p h i c orientation.
A l l t h e samples have been prepared by CEPE*.
The main informations about samples a r e given i n t h e Fig. 1 and its c a tion. The i n f r a r e d a n a l y s i s i n d i c a t e s a low water content. Concerning t h e d i s l o c a t i o n density, t h e r e s u l t s of t h e X-ray topography study show t h a t t h e seed and t h e pure 2-growth zone have s i m i l a r density which can be roughly estimated a t 104 cur2.
-Material :
The following r e s u l t s of t h e chemical a n a l y s i s (from SICN) shows a low impurity content :
The f i g u r e s 2,3,4 and 5 show t h e (Q-l -T) curves from H.Q. 262 quartz.
These curves w i l l be compared f o r discussion with those ( f i g u r e s 6 and 7) obtained The experimental conditions about either cut-orientation or surface state of samples are gathered in the table I : ---Each of the fig. 2 ,3,4,5 presents at least, the results of two successive temperature rises in order to observe the evolution of the (Q-l -T) curves due to annealing.
One can notice that Q-l remains constant at the points A (77 K), B (473 K), D (700 K) which divide the temperature range in two parts, the stability of which are completely opposite. Between A and B, there are several peaks which are very sensitive to annealing while between B and Dl there is only one peak (called P1) which is not annealing-dependent. So the results are presented according to these two temperature ranges : the low and the high temperature ranges. l e v e l of Q-1 i s s t i l l h i g h e r than those observed on polished samples.
3.1.2-About background : The lowest l e v e l of t h e background i s observed w i t h Z-cut and polished s u r f a c e sample a t about 220 K ( f i g u r e 2). This l e v e l is s o low t h a t one can suppose t h a t t h e decrease of Q-l from 77 K t o 220 K belongs t o t h e high temperature s i d e of a peak l o c a t e d below 77 K.
The average l e v e l of t h e background is low ( s e e t h e values of Q-I f o r p o i n t s A and B) ; i t is a l i t t l e b i t higher f o r as-sawed samples.
This l e v e l and t h e I.R.B. a r e n o t s e n s i t i v e t o annealing ( s e e t h e values of A.A.E.).
Besides t h e I.R.B. i s low and is not s i n n i f i c a n t l -v thermally a c t i v a t e d . It i s c h a r a c t e r i z e d by t h e P1 peak and t h e background t h e main f e a t u r e s of which are summarized i n t h e t a b l e 111.
The A.A.E. parameter is n o t presented because t h e (Q-l -T) curves remain constant a f t e r t h e f i r s t temperature r i s e .
I I Polished samples I As-sawed sampled
The r e s u l t s from Table I16 suggest t h e following comments.
3.2.1 -About t h e Pi peak : i. I n f l u e n c e of c u t -o r i e n t a t i o n : On Z-cut samples only P1 t a k e s p l a c e a l l along t h e high temperature range : Hp (Z-cut) is a t l e a s t 20 times higher than Hpl(X-cut). ii. I n f l u e n c e of s u r f a c e s t a l e : On Z-cut samples, Hpl and Q -~( c ) a r e not a f f e c t e d by t h e s u r f a c e state ; Tp i s s l i g h t l y s h i f t e d towards high temperature with as-sawed samples. On X-cut samples, t h e same f e a t u r e s remain v a l i d with less accuracy.
-About background :
The background can be estimated with good enough accuracy only on X-cut samples because on Z-cut samples t h e point D, which is t h e l i m i t of t h e temperature range, i s s t i l l on t h e high temperature s i d e of t h e P1 peak. So, no comment can be proposed about t h e i n f l u e n c e of cut-orientation. I n f l u e n c e of s u r f a c e s t a t e : on as-sawed samples t h e l e v e l of Q -~( B ) is a l i t t l e b i t higher than t h e l e v e l of Q-l (B) on polished samples. However t h e I.R.B. on as-sawed samples is about f o u r times hinher than t h e I.R.B. on ~o l i s h e d samples.
Z-cut sample X-cut samples 3.3 -~n f l u e n c e of homo e n i z a t i o n 'Ehermal treatment :
A l l t h h paper were obtained on thermally t r e a t e d samples (vacuum annealing at 673 K f o r 10 hours before and a f t e r gold-plating).
Without such thermal treatments, (Q-1 -T) curves a r e t r a n s l a t e d towards h i g h e r Q-l v a l u e s of about one o r d e r of magnitude. Besides, concerning t h e P1 peak, i t s h e i g h t becomes s o high t h a t Q-l measurements a r e no more possible. :   Table I11 : Results from (Q-l -T) curves above 473 K. (Hpl :peak h e i g h t )
-DISCUSSION
P1 peak Background PI peak
Background
Two p o i n t s a r e discussed : t h e P1 peak and t h e l o s s peaks located along t h e low temperature range (L.T.R. peaks). 
-About t h e PI peak :
The r e s u l t s about t h e PI peak suggest t h e following comments : -The Pi peak i s due t o a "directionnalff defect.
-It i s ' n b t r e l a t e d t o s u r f a c e defects.
-i t remains constant a f t e r successive temperature r i s e s .
-t h e evaluation of t h e a c t i v a t i o n energy Ea l e a d s t o 1.04 eV with Go = 1 0 -'~s .
-it is not water-content-dependent ( Fig. 6 and 7 ) ; i t is important t o n o t i c e t h a t t h e P2 peak located a t 653 K is not linked with t h e Pi peak (because t h e l e v e l of Q -~( c ) f o r P2 is lower than Q -~( c ) f o r P I ) .
-it is not observed on S.H.Q. quartz (Fig. 6) ; so, it is probably r e l a t e d with t h e a l k a l i n e i m p u r i t i e s removed by e l e c t r o d i f f u s i o n along t h e Z-axis channels.
A l l t h e s e comments allow t o connect t h e P1 peak t o t h e l o s s peak reviewed by FRASER [ 2 ] i n t h e kHz range. This peak was found near 573 K, on an exponentially increasing background (Ea = .93 eV and to = 2.10-14 s ) . The same peak was observed by d i e l e c t r i c l o s s measurements when t h e e l e c t r i c f i e l d was i n t h e Z d i r e c t i o n only ; i n t h e perpendicular d i r e c t i o n an exponentially increasing d i e l e c t r i c l o s s with temperature is only observed. An enhancement of t h e peak height i s observed with l i t h i u m doped quartz. So, t h e P1 peak should be a t t r i b u t e d t o t h e motion of impurity i o n s along t h e Z-axis channels.
-About t h e L.T.R. peaks :
O n polished samples, t h e r e a r e s e v e r a l peaks probably due t o bulk d e f e c t s (mainly point defects). On as-sawed samples, t h e r e is t h e addition of o t h e r s peaks (higher heights) due to t h e s u r f a c e defects (mainly e x t r i n s i c d i s l o c a t i o n s ) . A l l t h e s e peaks a r e very s e n s i t i v e t o successive temperature r i s e s already above 400 K. Some of t h e s e peaks a r e probably connected with water content a s i t is shown by t h e Pg peak i n H.W.C. q u a r t z ( f i g . 7). FRASER [ I -2 j showed t h a t peaks l i n k e d t o water-content can occur at about 370 K.
About t h e contribution of d i s l o c a t i o n s t o a n e l a s t i c l o s s , we have performed preliminary Q -~ measurements i n t h e s t r a i n amplitude dependent range ; we have observed an h y s t e r e s i s e f f e c t a t room temperature which disappears a t 470 K.
-CONCLUSION
The a n e l a s t i c behaviour of H.Q. 262 quartz is mainly characterized by t h e Plpeak and t h e L.T.R.
peaks. I n order t o suggest mechanisms which c o n t r o l these peaks, o t h e r experiments a r e performed a t t h e present time.
Concerning t h e i n f l u e n c e of t h e s e peaks on t h e s t a b i l i t y of r e s o n a t o r frequency, one can suggest t h a t t h e L.T.R. peaks a f f e c t t h e short-range frequency s h i f t , while t h e P1 peak seems r a t h e r t o induce t h e long-range frequency s h i f t . Such a suggestion is j u s t i f i e d by t h e high s e n s i t i v i t y of L.T.R. peaks t o successive temperature r i s e s .
